This paper analyzes the impact of global and regional spillovers to GCC equity markets. GCC equity markets were impacted by spillovers from U.S. equity markets despite varying degrees of foreign participation. Spillovers from regional equity markets were also important but the magnitude of the effects were on average smaller than that from mature markets. The results also illustrated episodes of contagion in particular during the recent global financial crisis. The findings suggest that given the degree of openness, and open capital accounts the financial channel is an important source through which volatility is transmitted. In this regard, GCC equity markets are not immune from global and regional financial shocks. These findings refute the notion of decoupling between the GCC equity and global equity markets. JEL Classification Numbers: F15, F36, E44
I. INTRODUCTION
Gulf Cooperation Council (GCC) economies demonstrate a high degree of openness, operate open capital accounts, and have very flexible labor markets whereby expatriate workers dominate the workforce. These economies are highly integrated into the global economy through trade and financial sector channels. Oil-the main export commodity-accounts for over 75 percent of export receipts and about 85 percent of fiscal revenues. Globally, these economies are important as net creditors through the recycling of petrodollars and they play an important role in oil and gas markets. They account for 40 percent and 23 percent of proven oil and gas reserves respectively. They also possess over 70 percent of OPEC's spare crude capacity thus exercising an important role in stabilizing oil prices in the short run.
1 At the regional level these economies are an important source of employment, remittances, exports, and growth to neighboring countries. Ilahi and Shendy (2008) illustrated that growth of real GDP in regional countries is strongly associated with that of remittance outflows from and the accumulation of financial surpluses in the GCC. Moreover, the growth nexus arises through both private consumption and investment.
These countries have pursued economic and financial integration for over three decades with a view to establishing an economic union. This has culminated in GCC countries achieving virtually unrestricted intra-regional mobility of goods, national labor, and capital. While market capitalization to GDP of GCC equity markets are comparable to that of emerging markets, they vary considerably in the degree of foreign participation. The U.A.E. has the highest degree of foreign participation and Saudi Arabia the least.
Given the increasing importance of financial and trade linkages between advanced economies and emerging markets some economists argue that emerging markets have become more vulnerable to turbulence in regional and global markets. Few studies to the authors' knowledge have explored the impact of spillovers from global and regional equity markets to GCC equity markets. Most studies have focused on market efficiency and the impact of oil volatility on mean return. Basher and Sadorsky (2006) found that changes in the oil price impacted returns in emerging markets in general while Nanda and Haff (2007) illustrated that oil prices affected equity returns at the sectoral level. Similarly, Hammoudeh et. al. (2008) examined own volatility dependency at the sectoral level for four GCC equity markets and found that the banking sector was least sensitive to past own volatility. Zarour (2006) using a VAR found that GCC markets' response to a rise in oil prices increased during the onset of the most recent oil boom. Onour (2007) using cointegration framework, found that oil price changes affect GCC market returns in the long run. At the individual country level, studies on Saudi Arabia's equity markets-the largest equity market in the Arab world-have focused on market efficiency issues (Butler and Malaikah, 1992; Abraham et. al 2003) , or the influence of oil (El Hedi and Rault, 2010) . Suliman (2003) found that contagion from the 1987 U.S. stock market crash was transmitted from Saudi Arabia to the other Gulf economies. He also found a significant increase in cross-market linkages after the U.S. stock market crash. This paper analyzes spillovers from mature and regional markets to individual GCC equity markets and explores whether volatility from U.S. and regional equity markets had a significant effect on the conditional volatility of stock prices in Gulf equity markets. To do so we employ a trivariate GARCH model to identify the magnitude of spillovers and their transmission mechanism. This paper finds that all GCC equity markets were impacted by spillovers from U.S. equity markets despite varying degrees of foreign participation. Spillovers from regional equity markets were also important perhaps reflecting longstanding efforts towards economic and financial integration. The findings suggest that given the high degree of openness, flexibility in labor markets, and open capital accounts the financial channel is an important source through which volatility is transmitted.
The remainder of the paper is organized as follows: Section II illustrates the main characteristics of GCC equity markets. Section III describes the data and the modeling strategy. Section IV discusses the results. Section V concludes and provides some policy implications.
II. CHARACTERISTICS OF THE GCC EQUITY MARKETS
GCC equity markets were established around the mid-1970s.
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The first market to be established was the Kuwait Stock Exchange in 1977 followed by Tadawul All Share Index (TASI) in Saudi Arabia in 1984. The most recently established markets were the Dubai Financial Market (DFM) and Abu Dhabi Securities Market (ADSM) in 2000. The number of companies listed at the GCC level grew from 473 in 2005 to 657 by end-2009. During the same period, Kuwait recorded the largest increase in listings (64) followed by Saudi Arabia (58) ( Table 1) . There are few cross-listings in the GCC. At end-2009, total market capitalization stood at $647 billion of which the Saudi equity market accounted for 49 percent, followed by the U.A.E. at 17 percent, Kuwait 15 percent and Qatar 14 percent. GCC market capitalization as a share of GDP is comparable to many emerging markets. Market capitalization as a share of GDP at end-2009 amounted to 74 percent, with Qatar's being highest at 104 percent followed by Kuwat and Saudi Arabia at about 86 percent (Table 2 ).
All GCC markets outperformed the S&P 500 over the period under study, including after adjusting returns for risk (Table 3) . Qatar had the higher returns, followed by Saudi Arabia, and Kuwait. The oil price and the returns in all GCC markets with the exception of Bahrain demonstrate high volatility relative to the S&P.
The simple correlation between GCC equity markets and the S&P 500 increased in the wake of the global financial crisis in 2008 (Table 4) . However this masks changes in the correlation patterns over time as we observe that prior to the September 2001 events, Saudi Arabia's and Qatar's equity markets had the highest correlations with the S&P500. Post September 2001 and through the collapse of Lehman the simple correlation declined perhaps reflecting a home bias effect toward GCC equity markets. In the aftermath of the collapse of Lehman Brothers the correlation among GCC equity markets and the S&P 500 rose substantially.
GCC equity markets tend to be dominated by retail investors and foreign institutional participation has been minimal (Table 5) . Market characteristics such as limited breadth, lack of hedging instruments, regulatory restrictions on access, and exclusion from emerging market indices have stymied the degree of participation by foreign institutions. 3 Foreign participation in listed companies is capped at 70 percent in Oman, 49 percent in the U.A.E. and Kuwait, 25 percent in Qatar, while Saudi Arabia permits foreign participation through mutual funds or swap arrangements.
Despite the relatively strong financial depth, the degree of free-float is low compared to developed markets but comparable to that in several emerging markets (Figure 1 ). The free float in equity markets in Europe is around 70 percent while that in the U.S. is about 90 percent. In contrast, the free float in Saudi Arabia was low at 40 percent but highest in Kuwait and the United Arab Emirates at 56 percent. Nevertheless, the degree of free float was comparable to that of India 52 percent, China 50 percent and Brazil 49 percent. The reason for the limited free-float in Saudi Arabia is related to the large amount of shares held by government-related entities and large stockholders (Mansur et. al., 2008) . For example in Saudi Arabia firms tend to issue 30 percent of shares at listing and pension funds and government specialized credit institutions own over 40 percent of shareholdings which are not traded. These structural features including the lack of alternative domestic financial instruments contribute to price volatility in these markets (op cit).
The volume of shares traded in the GCC has soared during the boom years from about $300 billion in 2003, to a peak of $1.7 trillion in 2006 when most markets experienced a bubble associated with the oil boom but have since leveled off at $682 billion at end-2009. Banks tend to dominate equity markets ranging from 25 percent of market capitalization in Dubai to a high of 40 percent in Qatar (Table 6 ), thus having a strong bearing on the performance of the overall index. Despite the increasing number of listed companies, the market is concentrated and it is dominated by the banking sector. The average market value of listed companies is high compared with other emerging markets ( Table 2 ).The top ten firms as a share of market capitalization ranged from 16 percent in Kuwait to 74 percent in Qatar and banks account for a large share of market capitalization (Table 6 ). Banking sector performance is also strongly correlated with oil shocks which is an important source of volatility and is transmitted via macro variables (Poghosyan and Hesse, 2009 ). Banks' profitability was hit when the bubble burst in 2005-06 as trading in investment portfolios where short and long term positions in local equities constituted a significant portion of their asset value
The volume of initial public offerings (IPOs) increased during the recent oil boom from about $2 billion in 2004 to a cumulative $43 billion in 2010 (Table 7) . As shares were typically offered at par and undervalued, this contributed to a substantial increase in stock prices. During 2000-05 listed companies registered remarkable rates of profitability ranging from 40 percent to 70 percent (Mansur et. al, 2008 A.E. IPOs covered a broad range of sectors but these tended to be dominated by oil and gas, financial, and real estate. The Saudi market experienced a surge of issuance in the financial sector related to the regulatory requirement that insurance companies be listed on the TASI.
GCC equity markets in light of the rapid increase in per capita income have expanded to encompass the asset management industry estimated between $60-70 billion at end-2009. This also reflects the dominance of individual versus institutional investors. With respect to mutual funds for which data is more readily available, aggregate assets under management amounted about $30 billion of which $24 billion is managed in Saudi Arabia (Figure 2 ). The number of funds in Saudi Arabia reached 266 at end-2009 and these specialized in local equity (21 percent), international equity funds (28 percent), and money market funds (23 percent).
III. DATA AND MODELING STRATEGY
The data used in this study are monthly covering April 2000 through September 2010. 4 It employs close of stock market indices in GCC's country j equity market, the United States and the GCC index excluding country j. For the U.S. the Standard and Poor 500 (S&P 500) index was used while for the GCC weighted average indexes excluding country j were constructed. Accordingly, six regional indexes were constructed. Price returns (R t ) were calculated as changes in the log of stock market prices expressed in percent: 1 (ln ln ) *100
In order to test the own-volatility spillover effects as well as the cross-volatility spilloever effects (spillover from global and regional markets to each GCC equity markets) we employed the trivariate generalized autoregressive conditional heteroscedasticity (trivariate GARCH) framework in modeling the volatility of returns as well to understand the conditional correlations across the markets. The GARCH corrects for heteroscedasticity and provides additional information on the determinants of volatility. Applications of the GARCH methodology to financial data have been widely used for example Bollerslev (1990) , Tse and Tsui (2002) and Sun and Zhang (2009) . Theoretically the specification of a trivariate GARCH model should be parsimonious, because the log likelihood estimation is nonlinear and computationally difficult with more parameters and thus for practical reasons we apply the simplest GARCH(1,1) model.
A. Trivariate GARCH(1,1): Mean Equation
For the trivariate GARCH(1,1), the mean equation could be specified as follows:
where t R = (country j of GCC market returns at time t, Standard and Poor 500 returns, and GCC excluding country j market returns; 
B. Trivariate GARCH(1,1): VEC Representation
In the multivariate GARCH(1,1)-VEC representation proposed by Engle and Kroner (1995) , the residual t
as a function of the information set 1 t   chosen here allows each element of H, to depend on q (q=1 in our model) lagged values of the squares and cross-products of t  , as well a p (p=1) lagged values of the elements of H. So the elements of the covariance matrix follow a vector ARMA process in squares and cross-products of the residuals. The most widely used GARCH specification asserts that the best predictor of the variance in the next period is a weighted average of the long-run average variance, the new information in this period that is captured by the most recent squared residual, and the variance predicted for this period. Such an updating rule is a simple description of adaptive or learning behavior and can be thought of as Bayesian (Engle, 2001 
6 where 0 C is a n 2 x 1 parameter vector, and A, and G, are n 2 x n 2 parameter matrices. In the vec model, a diagonal representation is obtained if the matrices A and G are assumed to be diagonal. To illustrate in the trivariate case, omitting all redundant elements of the matrix, for example 21,t h , the diagonal representation is simply: 
Writing the equations as a system and renaming some coefficients to make them more intuitive, we obtain: 11 2 11, 11 1 , 1 11 11, 1 restrictions are imposed to insure that H is positive semidefinite. Namely, matrices are restricted to be rank one. There are two important features of this specification: (i) it guarantees that the conditional covariance matrix is positive semidefinite; and (ii) the Diagonal VECH model is identical to the Diagonal BEKK model. Table 8 illustrates the individual country mean return equations. The S&P 500 lagged returns, own lagged returns, GCC lagged returns, and the oil price were the main variables of the mean returns. By including oil in the mean equation we control for the effect of oil when investigating the spillover effects in the variance equations. Table 9 presents the estimated coefficients for the variance covariance matrix of equations 5 to 7 for each GCC country.
IV. RESULTS AND DISCUSSION
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These quantify the effects of the lagged own and cross innovations and lagged own and cross volatility persistence on the present own and cross volatility of the three markets (GCC, country j of the GCC and the S &P 500). The results show that both past own shocks (ARCH term) and past own volatilities (GARCH term) have statistically significant effects on the volatility, the effect of own past volatility is stronger.
Local spillovers
The effect of past own shocks were significant in Oman, Qatar, Saudi Arabia and the U.A.E. equity markets pointing to a strong ARCH effect. The size of Saudi Arabia's ARCH coefficient was 0.08 and considerably smaller than that of Qatar (0.34), the U.A.E. (0.33) and Oman (0.17). The GARCH estimated coefficients were all significant except in the case of Kuwait, suggesting persistence in volatility in most GCC countries. The size of the coefficients that represented the persistence of own lagged volatility ranged from 0.37 in Qatar to 0.98 in Bahrain. In the case of Saudi Arabia, the larger and more developed of the GCC equity markets, the coefficient of own volatility persistency was 0.89. Saudi equity markets which have a higher turnover than the other GCC markets tended to have higher volatility, perhaps reflecting the dominance of retail investors. 7 The results for equations 8 to 10 are simultaneously computed and they are available upon request. The conditional distribution of the error term was assumed to be normal (Gaussian) distribution. As an alternative, a residual vector ( t  ) following the t-student distribution has also been considered. Results are broadly similar and therefore not reported. The complete set of results is available from the authors upon request.
Regional spillovers
Individual GCC markets demonstrated strong cross effects of past regional shocks. The average size of the coefficient on regional cross effects of past shocks was 0.17. The magnitude of the coefficient regional cross-past shocks was smallest in Kuwait (0.11) and largest in the U.A.E. and Oman (0.23). The results suggests that cross effects of past shocks in regional markets do have important spillover effects in local equity markets and underscore the need to strengthen cross-border regulatory frameworks. The persistence of cross volatilities from GCC equity markets was significant in all markets. Coefficients range from 0.53 in Oman to 0.88 in Bahrain. This finding suggests that adverse events in GCC economies do have regional spillover effects.
Global spillovers
The impact of cross effects from past shocks origination from mature markets were highly significant in all markets except Bahrain. The average size of the S&P 500 cross past shocks coefficient was 0.20. The coefficient of past shocks between the S&P 500 and Saudi equity markets was smallest (0.13), while the coefficient with the U.A.E. was among the largest (0.23). This may reflect the degree of foreign participation which is very low in Saudi Arabia and highest in the U.A.E. among all GCC markets. Furthermore, the coefficients on cross volatility persistence from mature and regional markets were all significant. The impact of persistence in past volatility from the S&P500 ranged from 0.59 in Oman to 0.91 in Bahrain. The size of the coefficients were comparable to those of Sun and Zhang (2009) who explored spillovers from the U.S. subprime to China and Hong Kong stock markets.
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Contagion
In exploring the effects of contagion from mature and regional markets, we adopt the taxonomy of Masson (1999) that views contagion as the unanticipated transmission of shocks. Figure 3 illustrates that turbulence in mature markets produced shifts in the conditional covariance of GCC equity markets or contagion during the recent global financial crisis. In particular, the conditional covariances peaked during the recent global crisis suggesting the comovement of these markets especially during periods of market turbulence. Similarly turbulence in regional equity markets (Figure 4 and 5) also produced shifts in all GCC markets during the stock market bubble in 2006 and in 2008 as a result of the global financial crisis.
Robustness checks
As a robustness check, we use weekly stock indices over the ten-year period from Tuesday, June 12, 2001 to Tuesday, November 9, 2010 representing 492 observations. 9 We use weekly indices instead of daily indices to avoid biases that could result from non-trading days, nonsynchronous trading hours and days, and to avoid the noise commonly associated with daily data. In addition, we use Tuesday indices to avoid day-of-the-week effects for stock returns-mainly Friday and Monday. 10 In addition, in the Middle East most stock markets are closed Friday and Saturday as opposed to Saturday and Sunday in most other countries. Thus, using Tuesday data appears to be best for comparability and to avoid any day-of-theweek effect. The results obtained with weekly data are comparable to those for monthly data (Tables 10 and Figures 6-8) .
V. CONCLUSIONS
The main finding of the paper is that GCC equity markets were impacted by spillovers from U.S. and regional markets. These spillover effects were significant regardless of the degree of foreign participation. These findings refute the notion of decoupling between the largest GCC equity markets and global equity markets. The conditional covariance between these markets and the S&P 500 illustrate contagion i.e. turbulence peaked by producing shifts in the transmission of volatility during the recent global financial crisis around the time of the collapse of Lehman Brothers in fall 2008. The findings underscore that these equity markets are not immune from global financial shocks such as that unleashed by the subprime financial crisis and refute the notion of decoupling between the GCC equity and global equity markets
The impact of regional spillovers to local equity markets were also significant and point to the need for cross-border coordination and supervision to minimize adverse spillover effects. Macroeconomic management will need to take into account for the transmission channels through which global shocks impact the domestic economy. In particular, diversifying the sources of financing the real economic would increase the resilience of banks balance sheets by limiting their exposure to the various types of risks. In addition further deepening of asset markets would give firms alternative means of financing investment. 9 While the number of observations increased with higher frequency data, the period is shorter because some GCC countries published weekly data from mid-2001 onward. Regressions are a GARCH (1,1) and estimated using maximum likelihood. Standard errors are in parentheses. *** denotes significance at the 1 percent level. ** denotes significance at the 5 percent level and * at the 10 percent level. 2= S&P500 ; 3= GCC excluding country j Regressions are a GARCH (1,1) and estimated using maximum likelihood. Standard errors are in parentheses. *** denotes significance at the 1 percent level. ** denotes significance at the 5 percent level and * at the 10 percent level. Regressions are a GARCH (1,1) and estimated using maximum likelihood. Standard errors are in parentheses. *** denotes significance at the 1 percent level. ** denotes significance at the 5 percent level and * at the 10 percent level. 
